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CoMBuSTIO?J EFFICIXNCY €"ORMAHC!E OF A MIL-F-5624 TYPE FUEL AmD 

By Anthony W. Jones and W i y i a m  P. Cook 

A n  investigation waa conducted with a conventional  turbojet  fuel, 
MIL-F-5624 (JT-3 ) ,  and a low-voh t imty ,   h igh -ks i ty  l;yctrocarbon, 
monmethylnaphthalene, i n  a vaporizing-type combustor t o  d e t e d n e  
(1) the cmibustion efficiency of both f i e l s  fa r   var ia t ions  in Inlet-air  

would minimize the differepces i n  conibustion efficiency  previously 
observed between widely diss-hilar hydrocarbon fuels in a conventional 

- conditions and f u e l  flow apd (2) t o  w h t  extent fuel  prevaporization 

I- atomizing combustor. . ' 

A single combustor from a deve1ope.d turbine-propeller  engine  incor- - porating  fuel-prevaprization  principles and designed f o r  kerosene fue l  
was used a s   t h e  vaporizing combustor. 

. .  . .  

With the simle vaporizing-type combustor the  volat i le  MIL-F-5624 
type  fuel b y e d  -ver a e e r  range of operating  condition6 and gave ' 

combustion -efficiencies 2 ta 16- percent  higher  than  the  low-volatility, 
high-density  fuel, " monomethylnaphthalene. 

. .  

Eeat-input r a t e  had little effect  on the combustion efficiency of 
each fuel i n  the.vaporizbg-Q-pe combustor, whereas with  the same fuels  
in a  conventional  atomizing-type  canbustor E decrease in combustion 
efficiency was- obtained  with^ a. decrease i n  heat hput ,   the   greater  
decrease  occurring..for  the  less  volatiie  f'uel. .The trends indicated 
that  the.vaporFzing  cambutor  tends t o  elh&nate the differences i n  
fuel atomization  =&-thus  diminished  the  effect of fuel properties 
on combustion efficiency . 

The vaporizer  design and capacity were inadequate for the 
monomethylnaphthalene fuei, however, as evidenced by . r ich  blow-out a t  
rather  low-air-fluwlrates. The use  ofmonomethylnaphthalene as a f u e l  
resulted, in substant- carbon formati& on *the Unw- and the outer 

* surface of the  vaporizer. . .  
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INTRODUCTIOTJ - 
. .  -. I 

Marked differences-in combuition perfo*nce between w i d e l y  d i s -  
. - .  . . .. .. . . . . .. ". - .- . -- - " . 

similar hydrocai-bon f u e l s  are  ahparent  in  conventimal  atomizing-type - 

combustors a t  cri t ical   operating  canditims,  'agh-density hydrocarbon .- 

f u e U  are- o f l m  vola t i l i ty ,  have low hydrogen-ca-rbpn. ratios, and have 
been prevfDllsly sham  to  give both low catribuStipxefficiecies  (refer- 
ences 1 and 2) and-.high  carbon deposftian  (reference 3) i n  atomizzng- ' 

type cmbuGtors. Ne~rtheless, high-density liydrocirbims. are Of aterest . 

i n  Jet-engine  operation  since their high heat content.per.nnrtt volume may 
be of impor t~ce . in . f l l gh t - r ange  consideration of volume-limited aircraf i .  

Consideration of method6 t o  utilize  high-density fuels indicates .. 

that-vaporization o f t h e  f u e l  may diminish- the..effec+s of fuel properties 
on combustar. performance by- e l imi i i a tw  the effe.c%s due t o  the atbmiza-. 
t ion of the fuel direct iy   into -the flame zone.' I n  'arder to.detenhlne . -  

the  -validity of such a hypothesi-s, the. c&ust$on p e r f d d c e  of a -con- ' .  . 

ventionax  turbojet  fuel,"IL-F-5624 (J€"3),  and a low-volatility, high- 
density hydrocarbon, monomethylnaphthalene, was Investigated i n  a single 
vaporizing-type  canbustor at- the RACA Levis laboratciry. The com'bu8tOr . 

was f rom a turbine-propeller  engine  (reference 4) and may be  considered 
an example of a current vaporizh.g-type cmibusto2, slthou$h it w a s  f 

specifically  developed-for 'A Gerosene .fuel, not . t h e  high-&nsity fuel ' 

of t h i s  investigation. 

. . -.. 

In order t o  compare the performance o f ,  the two Fuels, combustion -: 
efficiency 'ad blow-out were d e t e d e d  f o r  &ia$icms . in   in le t -a i r  
conditions and f u e 1 . f - w .  Pressure-drop  data f o r .  the vapo_rizing cm- =... 

bustor  are also prese ted .  'BecEbuse the s ~ G  . Z s ,  a 6eguei t o  refer-: -- 
ence I, i n  whi;ch the same two f.u& were-.hvest.igated i n  a atamiziag- - 

type- combustor, some. oTthe..data for the ateaslziag-type combustor. are. L.. . ,  

presented  herein  for  reference purposes: . - 
. . .. 

- - -  . 
." " - . . .  

. ." 
". .. - 
. I  

. .  
.- " 

A P P r n T U S  AND PRocEm 
. . . "  . .  

The develoEed vaporizing-type ccanbustor . -bed  in the  investigation 
. -, 

is shown i n  figure 1. ..Fuel. _. - is  .. iqje-cted " t*.~ugh fcnk equally spaced 
3/64-inch-di&eter  hdles  transversely  into the. a i r  stream qf the 
vaporizer-inlet scoop, and the Fuel-air r@xture i s  conducted.into the .- 

vaporizer' through a tangent ia l   &t-mce pkssage; A ell auxiliary 
tub.e in the  vaporizer passageiway directs  air .to the cent-er .of. tihe battam 
of the vaporizer ;to reduce car lmn form&ion, The .&porizer. outlet i e  
directed upstream, and the  vaporized Fuel and &FT . a t b . e  is. Ignited by 
a flame-thr0wirlg.spaI-k -plug  located ~ the cent%. pf the ccqribu&ion - ... . . 

l i ne r  ' dome. - 
" ..l" - .. ->". . ~ " .  . ." "I L - - "" . 

, .  .- -- 
. .. 
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1 Condition I Variable 1 
parameter . Pressure 

(in. H$ abs.] 

3 

The vaporizing-type combustor, com%ustor entrance  section, and 
exhaust pipe w e r e  manufacturer's  products and w e r e  ins ta l led  ver t ical ly  
i n  a t e s t   c e l l  and connected to   the  laboratory cornbystion-air and 
altitude-exhaust systems as  shown i n  figures 2 and 3, The instrumenta- 
t i o n  was of a type similar t o  that reported in reference 5 and was 
located as shown in  figure 3. 

The method of conducting the  investigation w a s  similbx t o  tha t  used 
i n  reference 1 f o r  the  determinatian of the   effect  of combustor inlet- 
a i r  conditions on combustion efficiency. The cqhs t ion   e f f i c i ency  was 
calculated  for  the m-F-5624 ttype f u e l  and %he monomethylnaphthalene 
at each 'of the following gperatbg  cmditions: 

Temgerature 

Pressure 

Air flow 

Temperature 
rise 

30.5 - -  

15.5,23,30.5, 
38,46.5 

30.5 

30.5 

Cambustor inlet-air cundftions 
ICemperature Heat input A i r  f W  

(9) . (Btu/lb a i r )  (lb/(sec) (sq ft) 
75 , 125 , 160, 

225 , 300 
160 

E O  

166 

2.92 

2.92 

1.75,2.34,2.92, 
3.26b,3.5b,4.09b, 

4.35b,5.4b16.5Zb 

315 , 366,420 

315 , 366 , 420 

315 , 366 , 420 

ll0 - 510 

%ass air-flow rate per  unit maximum cross-sectional a r a . o f  combns'tor. ~~ 

a - F - 5 6 2 4  type fuel ody. 
cross-sectional  .area of combustor -taken a8 0.274 sq f t .  . . 

Fuel-flow r a t e s   a t  each combustor inlet-air  condition.were  adjusted 
t o  give the  desired  heat-hput  rates.  Actual  heat-input  rates were 
within 3 percait  of the des-ired values. Heat input is  the  product of 
fue l -a i r   ra t io  and the  net  heat of ccnnbustion o f . t he   fue l .  

The conibustion efficiency i s  defined  as  the  ratio of the measured 
enthalpy rise across the combustor t o  the  net  heating  value of t he   fue l  
and was calctdated by the method described in  reference 6. 
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The chemical and physica.1  p?perj.ies ..of- 34e. @el6 .wed. in the . ..:-; . I  .7= " 

used in this. report   are  presented  in  table . ... . . . -  . .  

' investigation  are given in - table  I .and the recorded..and .calculated data- 
. .  
" " .  . _. . .I 

.. 
. .- ... I: -5 - 
" 

. . .  ." " . . . . . . . . . . -  . 7" 

RESULTS AM) DISCUSS108 . -  
- 

- , " ~ .  

" " 

Performance of .Vaporizing-Type. Cambustor . -  .- - .  .A 

The variation .of;.combgsti.on .effi-d.enqy--+th  the inlet-& variables 
of a i r  flow, pre.ssure., q-&tmperatur? f p ~  %hg..4&Ct-F-5S2& type -%ei an& 
rnonmethylnaphthal-e- fuel..in  the sin$le. .yaporiz-ing-type cmbus.t;or a r e  -: .- 
presented in   f igures  4, 5, -and 6, respectively. The data Ge-givc"for" 
heat-input  rates of 315,  366, and 420 .Btu.per* p&if ofr:i irJ corirespond- ' 

ing t o  fue-l-ab rgti0.s of -.approj;mt.e+y O:Oi7, 0. OD, and 0.022 for  t&-: 
MIL-F-5624 type fuel and 0.019, 6.022, adi0..-625 For,.the -gonomethyl- ='. 

naphthalene fuel J respectively. 

. ._ -. . . - . . . . 

-- - . 

" . 

zH 

The combustion efficiency of the ~IL-F-.5624. ty-pe f'uel remained . " ." 

almost  constant a t  a.  value, of. &out 95 gerc-at  _ a s .  the g i r  f low was . 
.increased from 1.75 t o  about 5.5 pounds per  sec& per .square foot at 
the  inlet-air  pressure of 30.5 inches of.mCFctiry absolute and in le t -a i r -  ". 

temperature of 620' E, ,as"indicated  .in. figure .+. -. At higher  air-flow 
rates,   the ccmibustiori efficiency  decreased r q i  dly... Similarly, the c&- 
bustion  efficiency of the  monmethylnaphthalee . w a 6  not.   affected greatly 
by variations i n  a i r  . f low.  but was 5 t o  16..perc€m$ low? *ban the. 
MIL-F-5624 type fqel:.perfqrmancel _The opera-kG-"rapge of t he  mon&ethyl- 
naphthalene was rather Umited, blowr%$ accurrw .at:-d?-flmi rates d" 
about 3 pounds- per second  .per  square.  foot. . - .  . - . 

" "" . . . . .  . - 
"" __.- - - .- ." ... . 

.. - 
I I "r 

- LL. f ==. 
r.- .. 

. .  

. . .  - .  . -  
. "" 

. . .  
c .  

. . - . . " 

- . - "  . . r" . .. - . . . . -. . - - - - 
. . - . . - __ . . -. r 1 - 

- . -. . . . . - - . . . " .- - ." 

. . .  
. .  'i". 
-.A . " 

, .  
.. 

. . .  . .  . .  . . -. .  L" . . .  . 

The air-flow .rate ~f ,2,92 zmds_.per-gq..qdper  square foot, repre- . .  

senlAngthe maximum air-flrrw r.ate at which. a , c .qa r i son  can be =.de .... 

between -the MII,-F-.5624 type fuel ehd the m;d;icie6liy&aph+ha-iene fuel, 
w a 8  chosen far the txtudiea. af.  the eff.ec-t.s- of PrectWe. temperature - 
on canibustion-efficimcy. 

.. . ". 
.- . . .. _"_ .. " 

. . ." 
. . . - . - . . "" 
." - .. "..=.-- . ." 

. .  

-. . .  
. . . ~ ~ .  

..." "" . ." . . "?- 

- .. 
. -  

. .  

Combustion efflciency  decreased far. fihe .EIIL-F7.5624 type Fuel and 
varied only sl ight ly  for monomethylnaphthalene fue l .  as the   in le t -a i r  .-?- 

pressure'was  reduced..at. a .cgnstwt .ae.f.*, of. 2,9.2 pounds p e r  second 
per  square  foot. and. 'inlet tijmperatuye; Qr:@a!.. E (f igl . 5>  . The 
MIL-F-5624 type f i e l .  gave."combustion e f f ic i -&cf&~~y~O -tu '.IS percmt -' 
higher than those., wi3h monmethylnaphthgle%r aqd -$+tied to lower Value's- 
of pressure; blow-out occurred a*, about -4 ipches gf..merFy  abs_plute- 
for the MUd"56Z4 type  fhel a d .  a t  ..abq@. -.B.-%Z@ee. of.mercury  abBolutE. ,..".!.& 

f o r  the  -less-volatile,  high-density -fiel...-" . . . . .  - . . - - . " 

" 

. .  . .  .- 
" . . . ._::E 
. . - - - -, . 

. . .  
" 

.L - "" 
. .- . """ 

-r"!= -4 - . " . . . " . - 
" - . .  

. " . . " - . ". - . -. .. . .. ." 
- . .. ." - . " 
" - - 

- = ,.,* 

.. 

- .  ...._. . "" 
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Variation of inlet-air  temperature had little effect on combustion 
& performance at heat-input rates of 315 and 420 Btu per .pound of a i r  

(fig.  6) . An increase in c-pibustion efficiency  wlth an increase i n  
inlet-air  temperature f r o m  9 6 O  t o  about 220' F was noted  for monomethyl- 
naphthalene f u e l  at the  inte&diate  value of heat-input  rate. The 
MIL-F-5624 type fuel gave ccnfbustion-efficiencies 2 t o  1 2  percent  higher 
than monomethylnaphthalene over the temperature m e  of 75O t o  S O o  F 
investigated. 

Variations  in canibustion efficiency  with  temperature  rise f o r  the 
two fuels  in the  vaporizing-type conibustor were small for a range of 
a i r  flow ra tes  fram-1.7 t o  6.5 pounds per second per  square foot, as  
sham in figure 7.  With mon.methylnaphtha1ene f u e l  an increase in com- 
bustion  efficiency was obtained  with  increase i n  tanperiture -rise a t  
low values of temperature  rise,  but  otherwise no effect  of t w e r a t u r e  
rise on combustion efficiency was discernible in the  range of condi- 
tions  investigated. A slight  decrease in cm?m+on efficiency observed 
with an increase i n  temperature rise f o r  the MIL-F-5624 type fue l  i s  
thought t o  be due t o  an over-rich mixture at   the  vaporizer and pimary 
zone of the caaibustor.  Rich blow-out was- obtained with monomethyl- 
naphthalene a t   t h e  higher  air-flow  rates;  the blow-out occurred a t  lower 
temperature rises as the  air-flow  rate was  hcreased. Lean limit blow- 
out was obtained  with MIL-F-5624 type  f'uel at an air-flow  rate of 

m 

L 6.5 pounds per second per square . .  foot,  the  highest  air flow investigated. 

Com'tjustion efficiency of fuels in vaporizing-type and conventional 
atomizing-type ccaribustors. - The canbustion  efficiency of them-F-5624 
type f u e l  and monmethylnaphtlialene i n  the  single  vaporizing-type can- 
bustor is presentea  in figures 8 and 9 ;  data  f-or  a  conventional 
atomizing-type  cmibustor  from-reference 1 are hc luded  t o  assist in th? 
evaluation of the performance of the  fuels .  

The. combustion efficiency of the two  fuels  in the  t w o  types of 
combustor a t  heat-input rates of 3W a d  420 Btu per pound of air over 
a range of a i r  flows is sham i n  figure 8. As previously  noted,  the 
two k e l s  gave nearly  constant  values of conibustion e f f idency  over most . 
of the range in the  vaporizing cmibustor,  with monomethylnaphthalene 
experiencing  blow-.out_at  rather law air-flow  rates. When evaluated in 
the atomizing-type combustor, the  cmbustion'efficiencies bf the two 
fuels  were nearly  constmt  at  air-flow  rates-between 3.5 and  5.25 pounds . 
per  secand  per  square-  foot  but  decreased  steadily a t  lower air-fluw 
rates, except t h a t  monomethylnaphthalene &ve nearly  constant  values at 
the- lower heat  input. x. 

Conibustion efficiencies  are compared'in figure 9 for the two fuels 
in  the  vaporizing-typemc&ustor and the conventional a t d z i n g - t y p e  
ccanbustor as a function -of h&t Fnput- a t  a constant air  f low,  in le t -a i r  

c 
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pressure, and inlet-sttr temperatwe. The kalues of  canibustion efficiency 
f o r  the two fuels i n  the  .vapmizfng-type  canbustor are average  values 
obtained- from figures 4. t o  6. . .-= 

- .- ." - " .. 

. . r  - 

. . .  

The data presented in  figure 9 show that the-combustion  efficlen- 
cies  obtained  for the .fuels i n  the atomizing-type ccmbustor increase 
w i t h  an increase L n .  heat  input(  or  fuel-air   ratio),   the  differences 
between the two bels being less at the high heat-input values: .This  
trend has been  -observed in previous Imreeti&ti-& t o  .be 'due minly t o  
improvements in  fuel-atomization  characteristics  with  increase in.fiel+ 
flow rates  (reference 7.). I n  the vaporizing-type.combustor, combustion 
effi-ciency i s  not affected by heat  input f o r  the range of canditicms of 
figure 9. A t  low. heat.-input ra tes ,  the' vaporizing-type ccmibustor e l i d - .  
nates the e f f ec t  of poor-atomization,- resulting i n  higher  efficiency; 
at higher heat inputs, the atomizing cambustor.performs equally as w e e  
as this particular. design of vaporizing c d u s t o r .  In general,  the 
results substantiate  the  .hypothesis  expressed in- the  W R W C T I O N  t h a t  
vaporfzation tends t o  decrease  the  difference-h canibustion performance 
between hydrocarbon fuels  as compafed w i t h  atbinhation of the  fue l  . 

direct ly  into the flame zone. . .  

. . .  Pressure-Drop Characteristics 

High c&ustios.efficiency may be  obtained a t  the expense of 
increased pressure drop. - Figure 11. pres.ekLt6 the pressur$-drop "rat- 
t e r i s t i c s  of the  vaporiaingrtype  cmbustor and a cmventional atomizing- 
type combustor. The presentation La. .made on the. basis  of AF'/qr 
( r a t io  of total-pressure Loss across thi$ ccmbustor'to  reference inlet 
dynamic pressure  based on the maximum cross-sectional  area of the can- 
bustor air .passage) as a function of p1/p2 (combustion-chamber inlet- 
to-outlet   dehsity  rktio).  The vaporizing-type  cmbustor.has  about 
twice  the  presmre loss of the  conventional  atumizfng-type canibustor.. 

- .~ 
.r 

. ." . 
. . . .  

. _ _  "1 . . -  
" - 

. -. . _  
.. 

. -  

, . 1 - 1 1  

, . \  - 
. .  

. . . . .  
.. ~ i 

. .  
.. ". - 

.. 

.. 

msceuanerxls mservatims 
No data were recorded f a r  carbo& fo&€Ton - t h e .  i&estigation. -.  

2 L ..*.x- . .  

V i s u a l  inspectian of -the. combustor liner  disclosed  substantial e v e y  .... __". 2- 
distributed carbon. deposition -ofi'€Le .liner -kid-KteFs&face 'of the  - , -. 

" 



7 

I -vaporizer when moncmethylnaphthalene f u e l  was used. The evidence of 
carbon formation  with  the low hydrogen-Carbon ra t io  and low-volatility 
fuel was in agreement with  the results of reference 3. 

Difficulty in -ignition of the monmethylnaphthalene R e 1  was  
experienced throughout the  investigation because of carbon formation 
ei ther  on the  Insulation or between rthe two electrodes of the flame- 
throwing spark  plug. 

The following  results were obtained  with  a  conventional  turbojet 
fuel,  MIL-F-5624 (JT-3),  and a law-volatility,  high-density hydrocarbon, 
monmethylnaphthalene, in  a single  vaporizing combustor developed for 
kerosene-type fuel: 

. .  

1. The vola t i le  MlL-3'-5624 type  fuel burned over a  wider r a g e  of 
operating  conditions and gave conibustion efficiencies 'from 2 t o  16 per- 
cent higher than rnonmethylnaph%halene. 

2. Heat-input r a t e  had l i t t l e  e f fec t  on the  cmibustion-efficiency 
of each fuel, whereas for   the same fuels  in  a convmtional  atomizing 
combustor a  decrease i n  conibustion efficiency was obtained with 'a  
decrease i n  heat input, the  greater  decrease  occurrlng f o r  the l e s s  
volatile  fuel..  These trends indicated tha t  the vaporizing-type c d u s t o r  
tends t o  diminish  the  effect of fuel  properties on collibustim efficiency 
in  contrast t o  the  conventional  atomizingconibustor in which f u e l  is 
sprayed into the   cmbus t im zone. 

3. As the operating  variables  becbe'adverse in the  vaporizing- 
type combustor, r i ch  blow-out occurred with the  monomethylnaphthalene 
fuel,  indicating %ha$ the  kporizer  design and capacity of t h i s  cambustor 
were inadequate f o r  the low-volatillty,  high-density  fuel. With 
monmethyhphthalene,  the  vaporiz-ing combustor experienced blow-outs 
well  within  the  operative range of conditions for  the .atomizing-type 
cambustor. 

4 .  Substant id-   quant i t ies  of carbon were found when monomethyl- 
naphthalene was used. The c-Gbon was evenly distributed oyer the liner 
and the  outer Gurface of .the  vaporizer. 

Lewis Flight  Propulsion.Laboratory 
National Advisory Committee for Aeronautics . 

Cleveland, O h i o  " .   . " "  

. 
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2M NACA RM E5lK30 - 
TABU I - CHEMIGAzl AND PHYSICAL PROPEETTES aF FUELS 

Fuel . 

Boiling range (9) 
Volumetric  average 

teslrpera- t-are ( F) 

Reid  vapor pressure 
(lb/sq i n - .  at  60° F) 

Hydrogen? carban rat io 

Specific gravity 

Net heat of combustion 
(Btu/lb) 

Volmetric energy 
cantentb (Btu/cu f t )  

MIL-F-5624 type 

108 - 483 

294 

6.3 . -  

0.170 

0.755 

18,700 

896 , 000 

Monmethylnaphthalene' 

840 - 461 

454 
. .  . I  

negligible 

0.076 

1.014 

16,830 

1,068,000 

?Mixture of a-methylnaphthalene a n d .  B -methylnaphthalene. 
bVolumetric  energy  content is defined'as  product of net  heat of 

combustion in  Bt4p-d and density in lb/cu f t .  

9 
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62l 
. .  620 

.793 

. 622 
.793 
.79s 

622 
' 622 

. 79s 
ea? '-793 

.793 

e22 
821 

.795 

622 
.795 
.795 '. 

' ,  622 .:796 
I 

'2.89 
2.89 29.1 

35.5 
44.4 
49.5 

35.7 
29.1 

44.4 
.47.6 .. 
35.7 
29.2 

44.6 
49 .a 

31 46.6 
30  38.D 
23 30.5 

36 ' 16;6 
35 . M . O  
34 30.S 
33 . *.6 
a5 86.5 
86 38.0 
87 sP.5 
88 27.a. 

I. a7.8. 

. .  

62.9 S72 
62.9 372 
62.9 . ' 372 

73.2 
13.2 

451 

73.2 
431 

73.2 
ls1 

64.3 
431 

54.4 
320 

64.4 
3.20. 
320 

.02.9 . ' ' 572 . 

54.4 , , q20. ' , . 

2.89 
2.B9 
2.89 

2.69 
2.89 

2.89 
2 . w  
2.90 
2.90 
2.9.0 

m 
. P. . 

2.90 
'2.94 
2.82 

2.90 

'2.92 
2.82 . 

2.92 
2.92 
2.91 

' ,232 
2.91 
.2.92 

2.91 
2.92 

2.80 

9c.6 
54.4 
54.4 
54.3 
54.3 
62.4 
62.9 

82.9 
62.9 

62.9 
73.2 

75.2 
73.2 

73.2 
73.2 - 

585 
, 552 

.. 685 
621 

567 
702 

584 
620 
678 

541 
760 

w5 
621 

764 
6aa 

39.5 
41.0 
45.1 
49 .l 
40.2 
54.6 

42.1 
44.7 

54.6 
38 .O 
42.1 
44.8 
49.2 

48.8 

=.e 

30.6 

Jp.5.. 
3 0 . 5  

50.5 
so.5 

312.6 

1770 
1890 
1945 
1 W  
1910 
19S5 
1960 
2058 429 

I 

0 B 
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2344 

30.5 
30.5 

30.5 
30.5 
30.5 
S0.5 
30.5 

$2 
30.5 

33.5 
30.5 

30.5 
30.5 

30.6 
30.5 

30.5 
30.d 
30.S 
30.5 
30.5 
30.5 
3D.5 
30.5 
30.6 
S0.6 
30.5 
30.5 
m.5 
30.5 
30.5 
30.5 
30.5 
Jo.5 
30.5 

692 
825 
82s. 
618 
622  
620 
em 
620 

'620 
820 

620 
619 
818 

620 
825 

6?23 
621 

. 620  
620 
6Eu 
621  
621 
822 
6Ql 
622 
620 
619 
619 

619 
619 

620 
620 
6aO 
620 

824 
.638 

0.432. 

.793 

.a10 

~ ,658 
.467 . 

, .em .e30 
,473 
.638 
.793 
.e50 
A79 
.497 
.493 
-471 ' 
.a77 

: 3  
-642 
.e42 
.642 

-642 
.642 

.6M 

.785 

.000 

.a00 

.8W 

.a00 

.980 

.960 
,960 
.980 

.am 

1.796 
P.53 

2.96 

2.3s 
1.905 

3.03 
2.82 

1.73 
'' 2.33 

3.10 
2.90 

' 1.75 
1.81 
1.N 
1.74 
1.74. 
1.72 
2.34' 
2.34 

2.96 
2.34 
2.34 
2.34 
2.92 
2.81 
.2.92 
2.92 

2.92 
2.92 

5.50 
5.50 
5.50 
S.50 

e.oo 

2.54 

27.7 
35.7 
44.8 ' 

45.6 

35.7 
' 20.0 

44.7 
46 .A 
26 .4 
35.6 

47.5 
44.4 

26.7 

. . .. 

27.1 
97.7 

44.9 
4 s . B  
M i 6  
44.6 
44.6 
44.8 
5 3 . 8  
63.6 
63.6 
53.6 

43.9 418 
58.6 429 
79.6 
72.6 3 
57.9 
50.4 

379 
369 

85.3 370 
64.9 
32.1  325 

366 , 

43.2 317 
54.4 520 
57.2 . 316 
15.3 149 . 
18.9 
24.7 

178 
254 

35.2 s45 
44.6 ' 439 
52.1 so9 
16.9 
22.1 

123 
161 

'Based on maxirum omsa-seational mea of oombustar flaw pasaage. 
%Rued on inlet density an8 maximun oross-seational area of oonbustor flow passage. 

1933 
l9W 
1980 

1145 
990 

1080 
906 

1300 

1278 1 80.3 ' 

1311 04.8 

1335 85.5 
I W m b u s t i D d M  

U92 84.0 
1123 I 80.8 
1140' I 81.9 

, oombustio 
S71 
627 
73 7 
1015 

1464 , 
1290 

280 
44Q 
640 
889 
1064 
1248 
1389 ' 

313 

~ .. 

- 
61.6 
74.4 
80.5 
77.4 
79.4. 
77.8 
58.1 
68.2 
76.0 
76.4 
77.9 
76.9 

6.9.0 
18.4 

75.8 
77.9 

79 .O 

60.0 

61.4 
79.5 

78.7 - 
- 

. . . .  I 

I 1 

I 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I 
! I  
' I  

. t :. 

' , 2.93 

: 2.94. ., : 
2.86 

2.94 
2.88, 

.: 2.94 
2.94. ' 

2.94. 
.2,,84'. 

2.94 
2.94 ' 

2.94 
2.81 

2.93..: , 

, .' 2.94 

eot V.f tenpa 

, 2.98 

- 30.8 in. R , - 
2.93 

2.88 
2.98 

2.96 

2.96 
2.96 

2.96 
2.92 
2'.94 

2.96 
2.9p 

2.93 
2.96 
2.95 

. . .  - 
29 ..4 
36.3 
45.2 
59.7 
89 .o 
3s.9 
29.8. 
44.B 
59.7 
88.6 

x.1 
29.6 

44.9 
59.4 
08.8 

au-a on 
- 
bsj' WE 

. . . . . . . . . . . . . .. . . . . . 

. . . . . .  

. .  I 

48.3 

'39.2 
55.7 

4e.8 
58.4 

46.4 
56.4 
5.7.2 

49.4 ' 51.2 .: 
55.4 57.2 
39.0. 66.2 
42.6 68.2 
45.0 
49.8 
65.4 

s,. 2 
65.8 

so7 
312 
510 

312 
316 

561' 
662 
-8 
371 
3 68 
426 
rac 
428 
426 
426 - 

1070 
1071 
1061 
1058 
1026 
1235 

122p 
1244 

. 1187 122B 

1440 
14l7. 
1395 ' 
1372 
1390 

90 .s: 

91.9 

89.4 

87.6 
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479 
476 

4a5 
482 

520 
419 

425 
422 

337 
428 
340 
521 

485 
486 

332 
480 
477 

426 
423 

3s8 
429 
341 
522 
447 
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335. 

478 
4.51 

424 
427 
339 
4so 
342 
529 
524 
525 
526 
527 
510 
Sl3. 

513 
512 

515 
514 

516 
502 
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506 
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509 
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(98 
439 
500 
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447 
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449 
450 
451 
452 
453 
461 
462 
483 
464 
465 
466 
467 - 

30.5 
30.5 

x L 5  
30.5 

30.5 
30.5 
30.5 
30.5 . 
30.5 
50.5 
30.5. 
30.5 

30.5 
30.5 . 
50.5 
50.5 

30.5 
30.5 

50.5 - 
50-5 . 

. 30.5 
30.5 
33.5 
50.5 
3 0 . 5 : .  
3 0 . 5 .  
50.5 - 
30.5 
50.5 
w . 5  
30.6 
30.5 
30.5 
30.6 
50.3 . 
50.5 
34.5 

35.5 
30.5 

30.5 
50.5 - 

30.5 " 
50.5 

50.5 
50.5 

50.5 . '  
30.5 

50.5 
30.5 
30.5 
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30.5 
30.5 
30.5 

30.5 
50.5 

3u.5 
50.5 - . 
50.6 '- 

50.5 
50.5 

30.5 
30.5 

30.5 
30.5 

50.5 
50.5 
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w.5 , 
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30.5 

7EaJ .%- em- 1. i.=' 
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621  1.787 
620 1.783 
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e n .  1.m- 
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622 1.787 
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.480 

620 - .481 
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62(1 

.&92 

.4a8 

619 
618 ,64 

.645 
617 .. .694 
622 .a 
621 
eza .850 - 

.630 

821 .664 

. 6 2 0  . .Bo1 
523 . .m5- 

819 . Bo5 
Sl6 ..-. .805 . 
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621 " -805 

6aJ 
622-  .970 

.986 
623 
m 

.sm' 
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.m- - 
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(a) Cabustor  outer housing. 

Figure 1.. - Vaporizing-type rmbuetor. - 
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,Air tube t o  prevent carbon deposition in vaporizer 
i ' I' .. 
I . :: 
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(b) CaubuEctor lnner liner ahwing vaporizer "'+air scoop and air tube far carbon reamVal. 
Figme 1. - Continued. Vaporizing-type camhuatac. 
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Figure 2. - Test rig. 
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e Stream &at+e-pressllre tube 

Figure 3. - Location of Instrumentation for vaporizing-type-combustor  investlgatian. 
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- w - - Monomethylnaphthalene 

420 
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-. 
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I I 

60 1 I 
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Air flow, lb/(sec) (Sq fk) 

Figure 4. - Variation of combustion  efficiency with air 
flow for two fuels. at. different  heat-input  rates in 
single  vaporizing-type cmustor. Inlet-air pressure, 
30.5 inches of .mercury absolute;  inlet-air  temperature, 
620' R. 

. 



20 NACA RM E 5 m 0  " 

-P 
d aJ 

"" "" "" - - " $ 100 

5 

. .  
. "  

a 

cl 
Q) 

Q-I 
.rl 
2 80 

% 
F1 
0 

l-l 
4 60 
9 , .  

. .  . . .,- . 3 100 
., . . . ". ,I .. 

u .  

ao 

" 
60 I I , 
8 16 24 . 32 - -40 48 56 
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" ". - . .. - - -  "" -------  - 

Figure 5. - Va; i ; ia t i&"of  combustion- efflcien& witg inlet- ' 

air press.We=for two fuels a t  dif'ferent.heat-input  rates 
in single. vaporiz-iag-type cOZbustcr, Air flow, -2.92 .poynds' 
per second per  square  foot;-.lrtrlet-air  temperature, 62'00 R. 
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60 140 180 220 260 300 340 
Ide t - a i r  temgerature, OF 

Figure 6.  - Variation of combustion efficiency  with  inlet-air 
temgerature for two fuels at different heat-iTlput rates i n  
single vaporizing-type eonibustor. A i r  flow, 2.92 pounds . 
per second per square foot; inlet-air  pressure, 30.5 inches 

. of mercury absolute. 
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(a) Air-flow rates, 1.7, 2.3, and 3:O. 
. .  

. .. 
.. - 

Figure 7. - Variation of cmbuetion efficiency_.d_th temperature . :r" 
rise f o r  .-two fuels  at dFTf erent ' air7.fl% ra$.es :,is vaporizing- .: 

type cambW,tm-. -Inlet-- -g&essure, -30.5 inches of mercury 
absolute; inlet-air temperature, 620' R.  
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Temperature rise,  ?I? 

(b) Air-flow ratea, 3.5, 4.3, and 6.5. 

Figure 7. - Concluiled-. Variation of conbustion efficiency  with 
temperature r i s e  for t w o  fuels  at  different air-flow rates i n  
vaporizing-type conibustor. W e t - a i r  pressure, 30.5 inches 
of mercury absolute;  inlet-air temperature, 620° R. 
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- .. - Figure. 8s - V e i a f i o n  of. cbnibustion efficiency &th -air flow for t w o  -. 
fuels at different, heat-input rates -in single V8pOriZing-type alla - .. 1 

. .  . -  
... 

single conventional atomizing-type condustor. Inlet-sir pressure, 
30.5 inches of mercury absolute) inlet-air  temperature, 620° R. 
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Figure 9. - Variation in conibustion efficiency  with  heat  input 
for two f u e b  i n  single vaporizing-type conibustor and in 
single conventional  atomizing-type conibustor. A i r  flaw, 
2.92 pourraS per second per square foot; inlet-air  pressure, 
30.5 inches of mercury absolute;  inlet-air  temperature, 
6200 R. 
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F1-e I-?.. - Total-pressure loss for VaporiZiBg-type combusfor and 
conventional  atamizing-type cambustor. 
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